ABSTRACT. Distemper disease is an infectious disease reported in several species of domestic and wild carnivores. The high mortality rate of animals infected with canine distemper virus (CDV) treated with currently available therapies has driven the study of new efficacious treatments. Mesenchymal stem cell (MSC)-based therapy is a promising therapeutic option for many degenerative, hereditary, and inflammatory diseases. Therefore, the aim of this study was to characterize stem cells derived from the canine fetal olfactory epithelium and to assess the systemic response of animals infected with CDV to symptomatic therapy and treatment with MSCs. Eight domestic mongrel dogs (N = 8) were divided into two groups: support group (SG) (N = 5) and support group + cell therapy (SGCT) (N = 3), which were monitored over 15 days. Blood samples were collected on days 0, 6, 9, 12, and 15 to assess blood count and serum biochemistry (urea, creatinine, alanine transferase, alkaline phosphatase, gammaglutamyl transferase, total protein, albumin, and globulin), and urine samples were obtained on days 0 and 15 for urinary evaluation (urine I). The results showed a high mortality rate (SG = 4 and SGCT = 2), providing inadequate data on the clinical course of CDV infection. MSC therapy resulted in no significant improvement when administered during the acute phase of canine distemper disease, and a prevalence of animals with high mortality rate was found in both groups due to the severity of symptoms.
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INTRODUCTION
Canine distemper virus (CDV) is an RNA virus of the genus morbillivirus, which is distributed worldwide and affects several species of domestic and wild carnivores. It affects members of the Canidae, Felidae, Mustelidae, Viverridae, Procyonidae, and Cercopithecidae (Qui et al., 2011; Cottrell et al., 2013; Lempp et al., 2014) . Infection with CDV results in acute, subacute, or chronic clinical presentation, which primarily affects the respiratory, gastrointestinal, and nervous systems (Mangia and Paes, 2008; Martella et al., 2008; Sonne et al., 2009; Carvalho et al., 2012; Lempp et al., 2014) . Conventional treatment of CDV infection is based upon symptomatic and supportive therapy (McCandlish, 2001 ) and has not been very effective. Numerous antiviral drugs used in in vitro and in vivo studies have shown promise for the treatment of CDV infection; however, at present, no effective and safe antiviral treatment exists for dogs infected with CDV Mangia et al., 2014; Trejo-Avila et al., 2014) . Due to the lack of effective treatments and the severity of clinical signs, which often progress to irreversible neurological sequelae, euthanasia is often a frequent indication for animals with canine distemper (Ueda et al., 2008) .
Stem cells are undifferentiated cells that possess the characteristics of self-renewal and differentiation (Dominici et al., 2006; Bydlowski et al., 2009; Nery et al., 2013) . Basal cells in the olfactory epithelium are considered to be stem cells owing to their pluripotent ability to generate support cells or olfactory cells, and may be characterized as mesenchymal stem cells (MSCs) (Alves, 2009, unpublished) . MSCs have low immunogenicity, potential immunomodulatory effects, and therapeutic promise owing to their efficient inhibition of growth and activation of various cellular components of innate and adaptive immunity, which reduce inflammation and promote tissue repair in the treatment of inflammatory diseases (Marti et al., 2011; Sánchez-Berná et al., 2015) .
Due to the lack of effective agents to treat canine distemper, and the immunomodulatory role of MSCs in the control and treatment of inflammatory diseases, the aim of this study was to characterize stem cells derived from the canine fetal olfactory epithelium and to assess their application in dogs infected with CDV in the acute phase of disease.
MATERIAL AND METHODS

Isolation and culture of fetal canine olfactory epithelial stem cells
The study protocol was approved by the research ethics committee (13.1.1757.74.6) of the Faculty of Animal Science and Food Engineering, University of São Paulo, Brazil. Twenty canine fetuses in the last third of gestation were collected from the uteri of domestic dogs of mixed breed. Fragments of the olfactory epithelium were washed and degraded with 1 mL Tryple Express 0.25% (Invitrogen, Carlsbad, USA). The cells were cultured on plates with Dulbecco's modified Eagle medium/nutrient mixture F-12 (DMEM/F12) medium (Invitrogen, Carlsbad, USA) supplemented with 15% fetal bovine serum, 1% non-essential amino acids, 1% L-glutamine, and 1% penicillin/streptomycin, and incubated at 37°C with 5% CO 2 and relative humidity close to 80%.
Cryopreservation
Cells were cultured at a density of 1 x 10 5 cells in passage one and were then frozen. DMEM/F-12 medium, supplemented with 45% fetal bovine serum and 10% dimethyl sulfoxide, was used. The cells were frozen over 24 h at -80°C and were then transferred and stored in liquid nitrogen until use.
Growth curve
Cells at a density of 3 x 10 4 (passage one) were used to determine the cell doubling time, by counting every 2 days and replating at the same density. Similar procedures were performed at each subsequent passage until passage eight. The population doubling time was calculated in each passage as Ct/Cd, where Ct represents culture time between passage n and passage n + 1, and Cd represents the cell doubling. Cd was calculated using the formula Cd = ln (nf/ni)/ln2, where nf represents harvested cells and ni represents seeded cells.
Colony forming assays
Colonies of 1 x 10 3 cells of each primary culture were plated on DMEN/F12 medium. After 11 days, the growth medium was discarded, and adherent cells were fixed in 4% paraformaldehyde (Sigma, St. Louis, MO, USA) and stained for 15 min using 0.1% Giemsa.
In vitro differentiation assays
To promote osteogenic and adipogenic differentiation, 1 x 10 5 cells were cultured in StemXVivo™ Human/Mouse Osteogenic/Adipogenic Base Media (R&D, Minneapolis, USA) supplemented with penicillin-streptomyciun. When the osteogenic and adipogenic cells had reached approximately 70 and 100% confluence, respectively, differentiation medium was added (R&D, Minneapolis, USA). After 21 days, the cells were fixed with 4% paraformaldehyde and stained by Alizarin red and Sudan Black, respectively. For chondrogenic differentiation, 2.5 x 10 5 cells were placed in Falcon tubes with 5 mL StemXVivoTM Human/Mouse Chondrogenic medium (R&D) supplemented with penicillin-streptomyciun. After 3 days, the cells were resuspended in 2 mL differentiation medium (R&D). The pellets were maintained in medium containing a differentiator for 21 days and were then fixed, stained, and analyzed using Alcian Blue and Masson's trichrome staining. For neurogenic differentiation, 3 x 10 5 cells were placed on microscope slides. After reaching 80% confluence, 0.5 µL monoetilglicerol (Sigma) was added to each well. After 24 h, cells were fixed for immunocytochemical analysis.
Immunocytochemical analysis
Cells were cultured and prepared for immunocytochemical analysis as previously described (Sampaio et al., 2015) 
Teratoma formation assays
Teratoma formation assays were performed by administering 3 x 10 5 mesenchymal cells (passage 3) via intramuscular (i.m.), subcutaneous (s.c.), or intraperitoneal (i.p.) injection to two immunodeficient (BALB/c-nude) mice, with physiologic saline solution used as a negative control in one mouse. After 60 days, the animals were euthanized in a gas chamber. Thick tissues were stained with hematoxylin and eosin.
Pre-clinical test
For pre-clinical testing, a double-blind randomized trial was performed using eight dogs without distinguishing criteria of gender and breed and vaccination protocols inadequate or unvaccinated, based on clinical and neurological findings (Table 1, Figure 1 ). CDV positivity was confirmed by RT-PCR. Animals were subdivided into two groups: support group (SG) (N = 5) and support group + cell therapy (SGCT) (N = 3). The animals were monitored for 15 days and received symptomatic treatment according to systemic and neurology clinical presentation. Animals were subjected to clinical evaluations every 3 days, during which physical and neurological examinations were performed and samples were collected for laboratory analyses.
RT-PCR assay
On the first day (day 0), blood and urine samples were collected and stored at -80°C until processing. RNA was extracted from 300 mL of urine or blood using the TRIzol ® method (Life Technologies, USA), according to the manufacturer instructions. The commercial vaccine Nobivac ® Puppy DP (MSD Animal Health, New York, NY, USA) containing live attenuated virus from the strain Onderstepoort was used as a positive control and nuclease-free water was used as a negative control.
Primers were selected to amplify gene N of CDV by hemi-nested RT-PCR, as described by Di Francesco et al. (2012) . Suspected clinical cases were confirmed by amplifying a 180-bp fragment of the N gene of the Onderstepoort strain by hemi-nested RT-PCR (Table 2) A. animal presenting neurological dysfunctions, including ataxia, lockjaw, and myoclonus, and systemic signs such as ejection episcleral vessels; B. bilateral mucopurulent ocular discharge; C. unilateral purulent ocular discharge anisocoria; D. hyperkeratosis cushions podais; E. presence of pustules in the abdominal region; F. unilateral ocular purulent discharge and anisocoria.
Laboratory exams
Blood samples were collected on days 0, 6, 9, 12, and 15 by venous puncture and packaged in tubes containing 7.5% EDTA. Total cell counts were determined using automated hematology equipment (BC Vet in 2800, Mindray, China). Differential leukocyte counts were obtained from blood smears subjected to Rosenfeld staining. Biochemical analyses were performed with samples collected on days 0 and 15, which were screened to determine serum urea, creatinine, alanine transferase, alkaline phosphatase, gamma-glutamyl transferase, total protein, albumin, and globulins with an automated biochemical analyzer (BS 120, Mindray, China). Urinalysis type I was performed with urine samples collected on days 0 and 15 using an urethrovesical probe. Physical examination involved analyzing the color, odor, appearance, and density of urine. Chemical examination determined the levels of urobilinogen, glucose, ketones, bilirubin, protein, the pH, and the presence of occult blood. For the sediment analysis, the urine was centrifuged, and a drop of the sediment was used for microscopic assessment.
Treatment
All animals received symptomatic treatment based on their clinical presentation according to Table 3 . On day 3, animals were randomized and inoculation with 1.0 x 10 6 /kg stem cells derived from the fetal olfactory epithelium or saline solution in a single intravenous injection. Source: Di Francesco et al. (2012) . 
Statistical analysis
Data were analyzed using the statistical program Statistical Analysis System (SAS, 9.3) with prior verification of normal errors by the Shapiro-Wilk test. Original data were submitted to ANOVA. Repeated measures was used to factor in the different sampling times. The probabilities of interactions with time were determined by the Greenhouse-Geisse test using the REPEATED command generated by the MIXED procedure (SAS PROC MIXED). Analyses were performed only for the time when the interaction between time and treatment was significant. In all statistical analyzes, the significance level was 5%.
RESULTS
Characterization of cells
All cells were grown under controlled conditions (38.5°C and 5% CO 2 ) and the presence of adherent cells was observed after 24 h in culture. The cells presented fibroblastlike morphology (Figure 2A-B) . Following cryopreservation, cells were 67% viable. Cells were maintained over an 11-day period until colony formation was observed. Colonies were counted on three plates and an average of 118.3 colonies was found ( Figure 2C-D) .
After successive passages, the growth curve showed accelerated growth at the beginning of the culture period (with a predominance of proliferation in the third passage) with proliferation gradually decreasing to the eighth passage ( Figure 2E ). The doubling time was consistent over subsequent passages. The gradual decrease in the rate of proliferation is consistent with increasing passages ( Figure 2F ).
Morphological changes were observed in cells cultured in adipogenic differentiation media after 21 days, with the formation of intracytoplasmic vacuoles, observed by stained with Sudan lack (Figure 3A-D) . After 21 days in osteogenic differentiation media, cells exhibited extracellular mineral deposition when stained with Alizarin Red (Figure 3E-H) . Collagen fibers were stained with Masson's trichrome and Alcian Blue at 21 days of culture ( Figure  3I-L) . After 24 h in neurogenic differentiation media, cells showed morphological changes of cells with grouping neuro-formed beads ( Figure 3M-P) . This cell lineage showed positive expression of mesenchymal markers, CD73, CD90 and CD105 ( Figure 4A-C) , negative expression of specific hematopoietic cell markers CD34, CD45, and CD79 ( Figure 4D-F) , positive expression of neuronal markers b tubulin, and negative expression of GFAP and nestin ( Figure 4G-I ).
In the teratoma formation test, no teratomas were observed macroscopically at the inoculation points or in the internal organs. Histopathological analysis of muscle fragments, brain, lung, heart, liver, kidney, spleen, and intestine, revealed no morphological changes ( Figure 5A-L) .
Pre-clinical test
Using RT-PCR, 80% CDV positivity was observed in urine samples and 20% CDV positivity was observed in the analyzed blood samples. Significant variance was recorded between groups in the levels of platelets, eosinophils, and lymphocytes. However, there was no significant variation over time. Significant variance was recorded for hematocrit and hemoglobin values over time. Hematologic values are shown in Tables 4 and 5 . Biochemical analyses failed to show statistical differences between groups, collection days, or any interaction between days and groups. No significant differences were observed between the two groups in the urine, physical examinaton, chemical, and sediment parameters. Two SGCT animals presented with cloudy urine, which contained bacteria and white blood cells, indicative of bacterial cystitis. Statistics: Tukey test. *Smaller P values indicate a significant difference between groups. GS = group support; SGTC = group support + cell therapy; SD = standard deviation.
A high mortality rate was observed following the treatment and monitoring period, and was prevalent in both the SG and SGCT animals. In the SG animals, mortality during treatment was 80% and survival rate with complete recovery was 20%. In SGCT animals, the mortality rate was 66.6% and the survival rate was 33.3%, without significant clinical improvement.
DISCUSSION
Olfactory epithelial cells have been widely studied in human and animal randomized clinical studies involving the central nervous system (Granger et al., 2012) . In a previous study, Alves et al. (2007) reported that the canine olfactory epithelium gives rise to a cell lineage that is responsible for cell renewal. These cells showed fibroblast-like morphology and adhered to the surface of the cell culture vessel. These findings are specific for MSCs and have also been reported by Bydlowski et al. (2009) . Peak cell growth was achieved in the third passage and then then decreased in subsequent passages, as reported by Lockhart (1971) and Vidane et al. (2014) . When cultured at low densities, these cells form clusters (colony forming units), which may be used to quantify the number of MSCs in various tissues after transplantation (Nardi and Meirelles, 2006) .
In the present study, we showed that MSCs derived from the canine olfactory epithelium can be cryopreserved for long periods without depreciation of the self-renewal capacity, which is consistent with the findings of Edamura et al. (2014) . Immunocytochemical analyses showed that the canine olfactory epithelium stained positive for mesenchymal specific markers CD105, CD73, and CD90 and negative for CD34, CD45, and CD79. Regarding neuronal markers, GFAP was used, which is the principal structural component of astrocytes in adult animals, nestin and B tubulin. These cells were positive for b tubulin and nonspecific for GFAP and nestin. However, Alves (unpublished results) reported that all neuronal markers were expressed. Cells in the third passage were submitted to osteogenic, adipogenic, and chondrogenic differentiation. After 21 days, morphological changes were observed, which were consistent with osteogenic, adipogenic, and chondrogenic cells, similar to the findings in MSCs (Dominici et al., 2006; Alves, 2009 [unpublished findings]; Bydlowski et al., 2009; Wenceslau et al., 2011; Vidane et al., 2014) .
No teratomas were observed in the carcinogenic potential assay, and similar findings were described by Vidane et al. (2014) and Wenceslau et al., (2011) in other MSC lineages.
Various antemortem tests can be used for the diagnosis of CDV infection in the laboratory; however, in some cases, definitive diagnosis remains uncertain (Curti et al., 2012) . According to those authors, the chromatographic immunoassay kit used to detect the canine distemper antigen is not effective for diagnosis of the neurologic form of viral infection when compared to the detection of CDV due to neurological changes in the experimental animals. The results of hemi-nested RT-PCR are consistent with data obtained by Negrão et al. (2007) who reported 90.4% positivity of all analyzed samples and 70.4% positivity of blood samples. These data confirmed the high sensitivity of urine samples when compared to blood samples (Gebara et al., 2004; Negrão et al., 2007; Alcalde et al., 2013) . According to McCandlish (2001) , the clinical signs of CDV infection are variable and can be influenced by intrinsic and extrinsic factors such as age, physical condition, immune status, and the strain of virus involved. Regarding blood parameters, previous studies have reported the presence of normocytic normochromic anemia (Mendonça et al., 2000) , leukocytosis or leukopenia, and lymphopenia (Silva et al., 2005) . The present data are consistent with normocytic normochromic anemia and neutrophilia in the early stages of treatment, and lymphopenia. Biochemical analyses are nonspecific in dogs with CDV according to McCandlish (2001) . We found changes in liver function by way of hepatobiliary enzymes, which can be explained by the use of antimicrobials such as sulfamethoxazole/trimethoprim and their metabolism in the liver. During CDV infection, urinalysis results are nonspecific according to McCandlish (2001) . In the present study urinalsis revealed bacterial cystitis, which may have been caused by paresis and urinary retention identified in these animals.
Animals in the SG and SGCT groups received treatment based on clinical symptoms and laboratory findings, which consisted on antipyretics, vitamin complexes, antibiotics, and intravenous fluids according to electrolyte imbalance. These therapies are indicated for the treatment of canine distemper to control the clinical symptoms of CDV infection (Sherding, 2008; Nelson and Couto, 2010; Curti et al., 2012) . MSCs derived from the fetal canine olfactory epithelium (1.0 x 10 6 /kg), were intravenously transplanted through the cephalic vein to SGCT animals. This technique requires a large volume of cells because some cells are lost at the first passage through the lungs; therefore, there is a risk of pulmonary thromboembolism due to the large cell volume (Fischer et al., 2009) . However, in this study, no adverse effects were observed during or after MSC transplantation. Conversely, intravenous transplantation enables the activation of paracrine, anti-inflammatory, immunomodulatory, and anti-fibrotic mechanisms, which are important in stem cell-based therapies (Deak et al., 2010; Quimby et al., 2013) . A high mortality rate was observed in both groups, which may be related to acute clinical and neurological symptoms and to the severity of the disease. This is thought to be reserved in the initial phases and severe in the advanced and neurological phases, where irreversible consequences or animal death may occur (Correa and Correa, 1979) .
In conclusion, the protocol used in the present study using canine olfactory epithelial cells is not effective for dogs with CDV infection due to the severity of the systemic and neurological presentation. We suggest that further studies using infected animals in the chronic phase of the disease are needed due to the stabilization of the clinical and cellular characteristics of stem cells, which can initiate a potential systemic inflammatory process to control canine distemper virus.
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